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This teaching' guide is^for the instructor of an 
introductory course in computer programming using FOETEAN language. 
Five FOSTRAN programs are incorporated in this guide, which has been 
used as a FORTRAN IV SELF TEACHER. THe base eight, base four,, aAd 
base two concepts are integrated with FORTRAN computer progralas, 
geobdock activities, and related exercises. Each statement ox^the' ^ 
first FORTRAN program is described in detail with suggested 
discussion questions and activities. (Subsequent programs are given 
without detail.) The FORTRAN programs included are: (1) change bl^se 
eight ^nume^als to base ten numeifals, (2) determine the number of 
significant places for a given input data, (3) list the even numbers 
less than 2C0 for the base eight, (U) 'give the integral powers of ten 
in scientific notat'ion, and (5) give the multiples of four in the 
base eight. Teaching suggestions include the modification of 
illustrated programs 'as well as activities for tejaching of the design 
of a simple computer, unconditional and conditional transfer 
statements, apd DO LOOPS. Fixed point (integer) system and floating 
point systeips pf computation in the digital computer are described. 
Problems with mathematical operation symbols complete the activities 
in the maaual. (JEW) ^ / - 
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ABOUT THE INSTITUTE FOR SERVICES TO EDUCATION 

The Institute for Services to Education- was incorporated as a non-profit organization in I ^^65 
and received a basic grant from the Carnegie Corporation of New York. The organization is founded 
on the |:)rinci[^le that education today requires a fresh examination of what is worth teaching and 
how to teach it. ISE-uhdertakes a variety of^^ducational tasks, working cooperatively with other 
educational institutions, under grants from government agencies and private foundations. ISI: is a 
catalyst for change.'! t does iiotjust produce educational materials or techniques that are innovative; 
it develops, in cooperation with teachers and administrators, procedures for effective installation of 
successful materials and techniques in the colleges. 

ISE is headed by Dr. Elias Blake, Jr., a former teacher and is staffed by college teachers with 
experience in" working with disadvantaged youth and Black youth in educajional settings both in 
predominantly Black and predominantly white colleges and schools. • 

ISE\ Board of Directors consists of persons in the higher*educati()irsystem with histories of 
involvement in curriculum change. The Board members are: P 

Vernon Alden Chairman of the Board, The Boston Company, BostW, Massachusetts 

Herman Branson President, Lincoln University 

Kingman Brewster, Jr. President, Yale University 

Donald Brown The Center for Research on Learning and Teaching, University of ■ 

* Vfichigan 

Arthur P. Davis (iraduate Professor in English, Howard University 

Carl J. Dolce Dean, School of Education, jSlorth Carolina State University 

Alexander Heard Chancellor, Vanderbilt University 

Vivian Fienderson President, Clark College 

Martin Jenkins Director, Urban Affairs, ACT: 

Samuel Nabrit " ' I-xecutive Director, Southern Fellowship Fund, Atlanta, Georgid 

Arthur Singer Vice President, Sloan Foundation, New York New York 

Otis Singletary President, University of Kentucky 

C. Vann Woodward Professor of History, Yale University ^ 

Stephen Wright Consultant to President of CE'EB 

Jerrold Zachafias . Professor of Physics, Massachusetts Institute of Technology 



ABOUT THE THIRTEEN-C OLLE(;E CURRICULUM PROGRAM 

<^ From 1967 to* the present, ISE has been working cooperatively with the Thirtcen-(\3llege 
Consortium in developing the Thirteen-College Curriculum Program. The Thjrteen-(\)llege 
Curriculum Program is an educational experiment that includes developing new curricular materials 
for the entire freshman yoiir ofjcollege in the areas of English, mathematics, social science,wphysical 
science, and biology and two sophomore year courses, humanities and philosophy. The program is 
designed to reduce the attrition rate of entering freshmen through well thought-out, new curricular 
materials, new teaching styles, and new faculty arrangements for instruction. In addition, the 
program seeks to alter the educational pattern of the institutions involved by changing blocks of 
courses rather than by developing single courses. In this sense, the Thirteen-College Curriculum 
Program is viewed not only as a curriculum program with a consistertt set of academic goals for the 
separate courses, but also as a vehicle to produce new and pertinent educational changes within the 
consortium institutions. At IS!-, the program is directed by Dr. Frederick S. Humphries, 
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Vice-President. The curricular developments Un the specific courses and evaluation of the progpm 
are provided by the tollovi^ing persons: 



Course 
English 



Social Science 
Mathematics 

Physical Science 



Science 



ISE STAFF. 



Miss Joan Murrell, Senior Program /yssociate 
Miss Carolyn Fitchett, Program Ass^prciate 
Mr. Sloan Williams, Program Associ/ 
MissTiveeda Williams, Research A§(sistant 
Miss Ernestine Brovvn, Secretary 

Dr. (korge King, Senior Program/Associate 
Dr. Wilham J. Massie, Jr., Program Associate 
Miss Nancy Seymour, Research Assistant 
Miss Ciloria Lovve, Secretary / 

Dr. Beauregard Stubbtefield, St^nior Program Associate 
Mr. Bernis Barnes, Program Astociate 
Dr. Phillip McNeil, Progr^im Apociate 
Dr. Walter Tafbot, Consultant/ 
Mrs. Debrah Johnson, Secretary 



Dr. Leroy Colquitt, Senior Program Associate 
Dr. Ralph Turner. Consultaiu / 
Mrs. Cynthia Paige, Secretary 

Biology Dr. diaries Guolsby, Senior Program AsscTciate 

Dr. Daniel bbasun. Program Associate 
Dr. Paul Brown, Consultanlt 

Humainties . Mr. diftbrd Johnson, Senior Program Associate 

Miss Marguerite Willett, S'pcretary 

Philosophy Dr. Conrad Snowden, Senior Program Associate 

Dr Henry Olela, Progranj Associate 

Miss Valerie Simms, Program Associate 
' Miss Judith Burke. Research Assistant ^ 

Miss Faith llalper, Secreiary 

I ^ 
Hvaluatioil Dr. Thomas Part^ieter, Spiior Research Associate 

Dr. Joseph Turner, SenL'or Research Associate 

Mr. John I-*a\io,, Research Assistant 

Mrs, Judith Rogers, Sepetary 

In addition. Miss Patricia Parrish serves as general Jditor of the curriculum materials as well as 
an Administrative Assistant to the Director. Mrs. Joan C 0oke is Secretary to the Director. 

. /' 

The curriculum staff is assisted in the generati/iMi ot new eduv iitional ideas and teaching 
strategies by tejchcrs in the participating colleges ;mc^' outside consultants. Each ot the curriculum 
areas has its own advisory committee. wUh member^drawn from distinguished scholars in the field 
but outside the f)rograin. j 



The number of colleges participating in the program has grown from the original thirteen of 
1967 to nineteen in 1970. The original thirteen colleges are; 



Alabama A and M University' 
Bennett College 
Clark College 

Florida A and M University 
Jackson State College 
Lincoln University 

Norfolk State College rv 

North Carolina A and T State University ^ 

Southern University 

Talladega College ^ 

Tennessee State University 

Voorhees College ^ 



Huntsville, Alabama 
Greensboro, North Carolina 
Dallas, Texas 
Atlanta, Georgia 
Tallahassee, Florida 
Lincoln University, Pennsylvania 
Norfolk, Virginia 
Greensboro, North Carolina 
Baton Rouge, Louisiana 
flTalladega, Alabama 
Nashville, Tennessee 
Denmark, South Carolina 



A fourteenth college joined this consortium iri 1 968,^ although it is still called the 
Thirteen-College Consortium. The fourteenth member is: 

Mary Holmes Junior College West Point, Mississippi 

In 1970, five rijore colleges joined the effort although linking up as a separate consortium. The 
members of the Five-College Consortium are: 



Elizabeth City State University 
Langston University 
Southern University at Shreveport 
Saint Augustine's College 
Texas Southern University 



Elizabeth City, North Carolina 
Langston, Oklahoma 
Shreveport, Louisiana 
Raleigh, North Carolina 
Houston, Texas 



In 1971 . eight more colleges joined the curriculum development effort as another consortium. 
The member schools of the Eight College Consortium are: 



Alcorn A and M College 
Bethune-Cookman College 
Gnfnibling College 
Jarvis Christian College 
LeMoyne-Ov\;en College 
Southern University in New Orleans 
University of Maryland, Eastern Shore 
Virginia Union University 



Lorman, Mississippi 
Daytona Beach, Florida 
Granibling, Louisiana 
Hawkins, Texas 
Memphis, Tennessee 
New Orleans, Louisiana 
Princess Anne, Maryland 
Richmond, Virginia 



The Thirteen-College Curriculum Program has been supported by grants from: 

The Office of Education, Title MI, Division of College Support 
The Office of Education, Bureiiya^of Research 

The National Science Foundation, Division of the Undergraduate Education 
The Ford Foundation 
The Carnegie Corporation 
The Esso Foundation 
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STAFF AMD TF-ACHERS OF Thr, KiiVThL-^i^^TICS PROGRAM 



Four Years In The Prog;rain 

Margalret Artia (NC) 
Bernls Barnes (JA & ISE) 
LaJ batra (CL) 
Calvin Browne .(Tii 6» AL) 
Reuben Drake (NC) 
Carolyn Harris (CL) 
Janie Jordan (NF) 
Nancy Ledat (TE) 
Johnsie Jo Posey (SB) 
Carl U^itman (FL) 



Three Years In The Prograia 

Joseph Colen (JA) 
Cl^arles liaynie (loL) 
Dorothy • Hogan (BI) 
Roger Ingrahaia (VO & BE) 
Carolyn C. Johnson (NF) 
Harold King (BI) 
James Kirkpatric (AL) 



Tv;o Years In The Program) 



One Year In The Progi'ain 

Douglas Anderson (JA) 
William Harclay (ISE) 
Barbara Bardwell (BI) 
Hoi lie Lak,-r vNF) 
Joel Brc^/inard (TA) 
Willie iroK-nx (JA) 
Donald butter (LA) 
Nancy EvereLt (SS) 
Robert Ghent (TA) 
Henrilynn Gordon (TS) 
Herbert Hamiicon (TS) 
Alfred Hawkins (BI) 
Robert Holiiscer (TA) 
John James (BE) 
Ki W. Kim (Uv) 
Henry Lev/is (SA) 
Addessa Lewis (SA) 
Mary Love (TE) 
V. P. Mani',ilck (EC) 
Robert McKeAn (LI) 
S. S. Sachdev (EC) 
Eddie Paramore (BE) 
Walter Talbot (ISE) 
Melvin Turner (SS) 
Elbert Wlilte (MH) 
Frank Wyse (TA) 



Jack Alexander (ISE) 
Ruth Carter (AL) 
Beatrice Clarke (FL) 
John Ernst (MH) 
Lee Evans (ISE) 
Prabhat Hazra (LI) 
Kenneth Hoffman (TA) 
Gwendolyn Humphrey (FL) 
Reuben Kesler (VO) 
Vivian Kline (LI) 
Huber Lamotte (SB) 
Gerard Latortue (VO) 
Vernon Lowenber • (TA) 
Theodore Morgan (Sb) 
A. K. Mukherjee (LI) 
Dorothea Smith (AL) 
Beauregard Stubblefield (ISE) 



Summer 

Fred Binford (Th) ^ 
Arthur Bragg (ISE) 
Evelyn Edwards ( ISE) 
Boyd Jones (NF) 
Phillip McNeil (ISE) 
Virginia Merrill (ISE) 
Harold Murray, Jr. (SAC) 
Kin /yint CTE) * 
William Nicholson (ISE) 
Mary Paytori (SAC) 
Argelia Rodriguez (BI) 
Jean Savary (BI) 
Euclides Torress (BI) 
Ray Treadway (BE) 
John.Wiley'^ISE) 



(AL) -Alabama A 6^ M ; (BE)-Bennett ; (BI)-Bishop ; (CL)-ClarkL 
(EC)-Elizabeth City ; (FL)°Florida A M ; ( J.\)-Jackson State ; 
(T.A)-LanK8ton ; (LI)-Lincoln ; (MH)"Marv Holmes ; (NF)-Norfolk State ; 
(NC)-N. Carolina A & T ; (SB)-South'ern U. ; (SS)-Southcrn at Shreveport ; 
(SA)-St. AuRustine ; (TA)-TalledeRa ; (T£)-Tenne3&ee ; (TS) -Texas Southern ; 
(VO)"Voorhees ; (SAC)-Southern Association ; (ISE)-Instltute For Services to Ed . 



.hasp: numeration systems 

AND 

INTRODUCTION TO COMPl'TKR PROGRAMMING 



N'e.irlv ♦•vtiryone has heard r)f the i'l fn t ron i f~ d€»vife known as the 
elertrrtnic rompnter v;hich has been developed aii<l is in widesprecid ase 
by businessmen, srientists, and engineers to assist tne . in obtaining 
the soiutif)ns ot iiumy types of problems. A computer program is i 
collection oC instructions (arranged in a predetermined or:*/.) 'Mifh 
allows the onputer to carry out a sequence of fun^ cions for ihu 
express p .rposo of obtain in p t h-^ solution of a partic^ilar prohlerji. 



-In this unit you vji 1 1 find j^r.uy probli*ms that the '.rorr^puter has 
helped to solve. It is only natur.il to expect that the omputer 
Drr^gr^ims ':s - 1 as well as the solutions wi P at times be inc luded. Thus, 
fit's allov;s yo ; to be told some ways to re(Ogni^ze problems you may 
nave that can heJ^fit from the method usod Because very little extra 
computer time would be needed to solve other problems of the same style, 
these solutions are included as proper subsets of larp^rr '5<^ts. Thus, 
tn? teacher may use this unit, not only to find the .uiswers t(i tnc^se 
problems contained herein, but also to select from amon^^, the . .ts, 
iJiitional f^xer^^isps and test questions. 

This unit has Been successfully used as a FORTRAN IV SELF-TEACHHR . 
riaeh type of instrurticm listed in the program described in 
(ii^tail before its use. The descrioMons are eiven in the nrder in 
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vh I ii the iiiH t rue L 1 onB appear in, the un i i , It any computer instruction 
haio been previously deBvribed, it in so indicated by reference^ either 
t a previous program (ir to an earlier portion of tlie current program. 
AiSo, sample dat'i and the Vian i pu 1 at i nn tliereoi are given in a form 
sc that tlie reader m.iy follow ?he results tlirouRhtout the prc)gram. 

■.•;e s h a 11 h^iv b .i s e ^ i ' i inr^ r a t i - ii s ;/ s t e ms a s b a .s e s fro r.i v; b i i ^ , a pre ' 
r ami.: i r^g effort w ill be 1 a un v h ed . T h b a s e c f a n ume rat 1 on s y s • 1 s 
naned a r cor 'ling to the number '^f synbols vised to represent numbers 
in that system. For example, there 4-^ (in 1 y on^ ^r^^mW^ , 1, fon the 
{>ase (>ne Numeration Svsten. For tli i s ^v\i t em , we vyrite 

i 

1 tTi re{)resr*nt r ne number of mBons the eartli has, 

11 to represent the nuiriher nf elements 'in a pair, 

111 to represent the number of membi'fs of r. trio, and 

V 

111! to. represent the number of people in a quartet. 

I 

.■;e 'voul'^ use a string of a Jo/en I's rt»present the i\unber (^f r^).?es 
in a carton. Hase ^^rv ^yst».»ri i equivaleTir to tall vine. I^'ete that 
'^c ra:,not ■-•rVrt /j^vj in tliis s\-^e^ M the other L^xtreno, in th^^^ 
hase Infinltv System, tliere is a different symbol used for eaeh nurbr : . 
Necess.ir i ly , tliere .irc infinitely ni'iny symbols as every number must be 
represented bv a different svirbo i . . „ 

■'•The reterence is eiven in columns 73-80 of the instruction, Coi 'mns 
f(>rm the n{ni-'*:-:e'Mit part of the i ns t ru(* t i on . As an exanpl'/. 

r, Mire 2-7 means, "See Instruct Km -'^7 et Program //2 . 



'In the Base One System, it vjould be a tedious task to v;rite 
representations tor larpe ntimbers, and the Base Infinity System v;ould 
be .too taxing; on the brains t t> read. Therefore, v;e shall limit (.ar 
discussion to finite base miinerat i(^n sy'st.ems whi(4i lie hetv;een these 
r.vyo MVS tens. 



2 - 1 Ba '-i ■ K i _gh t^ A s_ j\ Sy s t e n, ^ o f Numeration ^ 

VJe shall novj experiment with a base numeration system which is 
betvjeeri the Bas^e One S^j?teri and the Base Infjn^it^ System. In making 
use of our previous experiences in the Base Ten System, vje experiment 
vjith tlie Base Kight System- (^f N'umeration in vjhich there are exactly 



eifi^ht symbols 


, 0, 


1, 2, 


3, 4 


, 5, 6 and 7. In this system 


1 


represent s 


the 


number 


of 


noses (3ne has , 


2 


repj-esent s 


the 


number 


df 


shoes a person wears. 




represents 


the 


numbe r 


of 


sides of ;i t r i an^ 1 e , 


4 


rep resent s 


the 


number 


of 


bases of a baseba 1 1 d i amond , 


S 


represf-M t s 


the 


numbe r 


of' 


toes o n a n o r ma 1 r i g ri t foot. 


6 


rep resen t s 


the 


number 


of 


sides nf a hexagon. 


7 


represents 


the 


number 


of 


continents in tlie world. 


10 


represent s 


the 


numbe r 


f^f 


letters in the word comput er ''^* 


1 1 


r^'pr-.-sfMir s 


t hf- 


numbe r 


of 


p 1 ave rs on"* the starting baseball 



' '^.^ ; vay t vrilp from 1 t 100 in Base Eight is to wriie fmm 
I, to iOo in Base' Ten, skipping any numbet having a numeral representation 
'^r. r X\ i nr: in or a 9 . 

/--:.ote: Verbal translation of 10 (Base [■:ight) is one zero rather than 
t.r,o word ten since ten T.eans ten ones ^nd 10 (Base F.i;^htJ means ei^ht 
'>nos. lienca, carofu.I verbal synh^ i{2<?. tinn should be used to prevent 
ambieTjitv in the exact nieaning of v svmb-ol . 



12 represents the number of fingers on your tvjo handr», 

13 represents the number of metibers of a football team, 

14 represents the number of eggs in a dozen, 

15 represents the unlucky number, and 

16 represents the number of days in a fortnight. 

Using the Base Klght Numeration System, give the numeralr. to 
represent: 



(a) 


the 


number of penn ies 


in three nickels 




(b) 


the 


square of four 






(c) 


the 


ninth odd number 






(d) 


the 


ninth even number 






(c) 


the 


tenth odd numljer 






(f) 


the 


tenth even number 








the 


eleventh odd number 




(h) 


tl.e 


eleventh even number 




(i) 


the 


tve If th odd numhe r 






(j) 


the 


number of hour r in 


a day 






the 


square of five 






(1) 


the 


number of letters 


in the alphabet 




(n) 


the 


cube of three 






(n) 


the 


number of days in 


February (non-ll^p 


year 


(o) 


the 


nuTrbf^r of days in 


February \n a leap 


year 


(P) 


the 


nitnbor of day^ in 


ScpTeirbcT* 




(q) 


ihc 


number of days in 


.lanuary 





1 i 



5 



\ 



(r) the ^ifth pov/er of tv/o 

(s) the product three and eleven 

(t) the number of days in five v/eeks 

(u) the number of inches in a yard 

2. 2 Place -Val ues And Face-Values Ivx The Bas£ Eight Numeration S/stem 

In the Base Eight Numeration System numerals are v/ritten to 
indicate numbers. Each symbol of the numeral has tv/o values, a 
face-value and a place-value. In the numeral 342 the face-value 
of 2 is tv/o and the place-value of tv/o is one . The face-value of 
4 is four and the place-value of 4 is eight . The face-value of 3 is 
three and the place-value of 3 is sixty -four. The corresponding Base 
Ten numeral is given by3x64 +.4x8 + 2x1 or 226. 
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13 




7 



Example J^. State the place-value shoim by each symbol in 
the Base Eight numeral 753. 




The 7 in the numeral 753 is a symbol for seven eight - eights 
or seven sixty-fours . • 
The 5 in the numeral 753 is a symbol for five eights . 
The 3 in the numeral 753 is a symbol for three ones . 
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14 



8 



100 



100 



10 



1/1 




10 


10 


p 








100 





100 



100 



E:; ample _2. How many blocks should 
be added to the set on the left to 
make an octet of octets of ^ octets? 

Answer. Five blocks are needed to 
go with the three ones to get an 
octet . Two more octets are needed 
to get eight octets ■ This octet of 
octets will be sufficient to com- 
plete the eight octets of octets . 

Total. 2 blocks of 8 and 5 unit 



blocks which can be vjritten as 25 
in base 8. 

Exercise: Find the face-valuea and pl.ace-/'alues in the '^ase Eight numeral 653. 
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Example 4, Expand each of the f-ollowing Base Eight numerals in 
Base Ten. 



Ca) 




Answer ; 



(b) 



Base Ten Face-Values 
Base Eight Numeral 
Base Ten Place-Value 



2 
^ 

2 

4- 



2x8 -h 7x1 as Base Ten 
Numeral 23 




BASE TEN FACE-VALUES 
BASE EIGHT NUMERAL 
BASE TEN PLACE-VALUES 



3 

J 
'3 

64 



Base Ten Numeral 
3 X 64 + 1 X 8 4- 7 x 1 = 207 



erJc 



Games : ^ ^ * 

(a) Use cubic Oeo-blocks to indicate the Base Ei'rht numeral 33. 

(b) Use cubic Geo-bloclcs to indicate the Base Eight numeral A7. 

(c) Use cubic Geo-b locks to indicate the Base Eipht numeral 77. 

(d) Use cubic Geo-blocks to indicate the following addition* 

317 327 777 . 

+111 +222 + 1 



100 X 100 




(e) Use pubic Geo-blocks to indicate the followinc' subtraction. 

: 446 543 333 

-222 -234 ^ -245 



11 



VJt> see that the last symbo4 on the ri^ht of a numeral indicates the 
number ot ones, tlie next t(^ last symbol 4^ ives the number of base number 
tlie next symbol gives ihe number of squares of base numbers, the next 
symbol gives the number of cubes of base numbers, etc. With this 
knowledge, we can easily convert a base eight numeral to a base ten 
numeral. In v/riting and, reading numerals, we think of them as the 
numbers tluit they represent ► 

The numb..r 13^ = 3^^-+ 8^^ = 11^^ 

The m.mb.r A726^ = 6^^ + ^o^^lO^ ^ ^\o^^ ^ '^^10^^ 

= 2,518 

The number 125^ - 5^^ + 2^q(8^^) + 1(8^^)2 = 85^„ 



18 ' 
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Exercises 



1. Complete the /following table: 



Base 
Eig;ht 






1 


7 


21 




35 


I ^ r 

427 


Base 
Ten * 


0 


1 








27 







* * * 



FORTBAK FR0GEAI4 NO. 1 



1234567 



20 



30 



40 



50 



60 



■ 70 



C 



C_ 
C 
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PROBLEl't NO. 1 PAGE -40 



PROGRAM TO CHAMGE TEN EIGHT-PLACE BASE EIGHT NUMBERS TO BASE TEN 
SPACE CALLED NCRDS T^ELLS US THE MU^mER OF CARDS OF DATA (2 DIGIT S 



m SHALL RESET?VE EIGm SPACES FOR WF. RECTANGUI.AR ARRAY M(8,10) 
VJE SHALL RESERVE TEN \sjpACES F0« THE BASE TEN ANSIJERS "^TdO) 
m SHALL RESERVE TEN SPACES FOR THE BASE EIGHT INPUT NUI'CBERS L(1 0 



1 DIMENSION N(8.10). M(i0) . L(10) 



Referer. 
Columns 
COMl-lENT 

COMMENT 
COIMSNl 
^OMT-HSNT 
COM-ffiNT 
COMMENT 
^OM'IENT 



2 READ (1.3) NCRDS 



3 FOR>tAT (12) 



4 ma 24 K ° 1 . NCRDS 



THE FOLLOWING READ STATEMENT CAUSES DATA TO BE STORED BY COLUMNS . 
5 READ (1.6) N ^ 



6 FORMAT (8011) 



7 DO 21 J ° 1» 10 



a WA ° 0 



9 LX=0 



10 FORI!AT (IH . lOIlO) 



11 DO IB I 1. 8 



12 IF (I ■ EO . 8) GO TO 16 



13 ° I^IK + M(I.J) * 8**(8-l') 



14 LX ^ LX + N(I.J)* 10**(8-D 



15 GO TO 18 



16 ttX ° MX + H(I.J)" 



17 LX ° LX + N(I.J) 



18 CONTINUE 



19 M(J) ° m 



20 L(J) ° LX 



21 CONTINUE 



22 -.TRITE (3.10) L 



23 WRITE ( 3.10) M 



24 CONTINUE 



COMMENT 
1-2 

1-3 
1-4 

1-8 

1-4 

1-13 

1-13 
1-13 

'l-13 
1-13 
1-18 

1-22 
1-18 



25 STOP 



26 END- 



ERIC 



1 



13 



Use the Geo-board to follqw the given data throughout the execution 

of the instructions in the FOKTSAN PROGRAM NO, !• After the execution 

of the firat program instructionp the Geo-board may look like this? 

H wa^) .N(i,io) 



M(8,l) 
H(3) ^ 
L(l) - 



>^(8,10) 
9] _ M(10) 



EXPLAMTION OF FORTPAT J PROGT^AT! j^O • _1 

Each linQ in the program represents a, prograir card. There are eighty 
columns on each card. In eacjh column there is either a blank space or 

the ten numerals (from 0 to 9) j, the t^^renty-six letters of the alphabet 
r^-otn A to Z) 5 the period, the commas the left parenthesis, the right 
parenthesis, the equal si^^n., the plus sign| the minus si^, the asterisk 
and the dollar sign. 



Each column of an eighty column cl 

0 

as shot-m belovj. 



fas tx*;elve slots which are labeled 



1 










1 




























I 


















































-f 
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12 
11 
0 
1 
2 
3 
A 
5 
6 
7 
8 
9 
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We riay punch holes in^ these' slots. Depending uDon which particular 
.'colurm* sl&ts are put^ched in a column, vje represent various symbola. 

Since there are 'tv/elve slots in. each colunm, there are 2l2 possible 
• cdlnbinations of' punched slots for each of the columns. Hovjever, since 

there are fewer than 50' symbols to be used^ (1^ numbers, 26 letters,; 

etc.), then the 2^2 jiffe rent combinations are more than adequate. 

Each f card ^jill have either a C representation in the first column or 
uill have nothing thfere. If a card has a C in the first column, then 
the information is given to the processor that the information on the 
card is only a Comment. That is, the information is not to be pro- 
cessed. Another way of sayinp, this is th^t the processor will ignore 
these comments. 

9 * 

We note that in the prof^ram under study, the first seven cards are com- 
ment cards. 

Question: Is there "mother comment card in this program? If so^ 
what j}.s it? 

If a card does not contai^i a C in the first column, then the card con- 
tains at least in part, a program statement , and this program statement 
may in turn be either executable orj ^not executable . Executable state- 
ments are executed in the order that they are listed unless changed by 
a control statement. 

First S tatement 

DIMENSION N(8,10) , H(10) , L(10) 

This first statement is called a DIW.NSION STATE'TENT. 



The first program statement is ^n executable statement^ Since all num- 
Jbered statements must be numbered in columns 2 to 5, and this state- 
'^lent is numbered, its number, "1" is placed in column 5. However, 
since this statement is never referred to in the program by another 
statement, it need not have been numbered. Also, though numbered, it 
need not !":ave been numbered "1". Any number would have sufficed. 

ru'b^rO'i >tat2m^'tr do rot have to be listed in numerical order. 
This first statement requests the processor to reserve space in the 
storage compartment of the computer for three separate arra ys of num- 



bers . 



(a) An 8 X 10 two-dimensional array as shoxrn below, 



N(l,^l) 



N(8,l) 



• \ 












































































































































































I. , 













N(l,10) 



N(8,10) 



0 



21 



/ 
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(b) A one-dimensional array of 10 snacas as shown oelow, 



^<1) I I 



11 i i 1 ^ H(10) 



<c) Another one-dimensional afray of 10 spaces. 

Note' All statements be^in in column //7. 

Draw a picture representation for the array mentioned xij (c) a- 
hove. He should eraphasl,ze that the names of the spaces to be reserved 

(a) may oot be more than six characters lon^, and 

(b) must consist of letters, or letters and numerals, the firsrt 
of vjhich must be a letter. 



Examples : 

The name NAI^E ^is acceptable. 

The name REvSERVE is not acceptable, (too many characters) 

The name 2rTl is not acceptable, (a number comes first.) 

The name *T12 is acceptable. 

The name MR, 2 ''is not acceptable. (The comma is neither ^ 

letter nor a numeral.) 

In a D PTE S ION STATF^NT, all names of spaces to hK res^erved are to 
be subscripted. However, subscripts are not to be counted when deter- 



mining the length of the name. 



Example <^ 

The name 30Y(1,1) is acceptable. (There are only the char- 
acters 0, and Y in the name inself.) 

Questions: 

(a) /Hiat is the total number of snaces that are reserved by the" 
first statement? 



(b) Can you write a statement '^hich caus^ the processor to re- 
serve a total of two hundred fifty snaces? If so, what is 
it? 

(c) Can a subscript have more than six characters? If soj pive 
an example. 

(d) Can a statement have a larger statement number than the one 
which follows it? 

(e) How lar^e can a statement number be? 
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Sec©Ed S^tatetneri t 

EEAD (1,3) NCRDS 

This statement Is called a READ STATEMENT, 
meat: It requesto the proceosor 

(a) to reserve one o^aee in the storage comparttnent of the com- 

/puter which hereafter will be referred to ao NCRDS If such 
named apace has not previously been reserved (In case that 
such space has previously been reserved, this request Is to 
be ignored.) ^ and 

to read from machine nmiber one (THE CARD READER) into this 
space (called NCRDS), the number which is on the next card 
in machine number one. read according to information F0RI4AT 
NO. 3. Thus Statement No. 3 tells the processor how the 
number appears on the card. 
[ 

to i'^nore all empty spaces as always. 
Third Statement 

FORTfAT (12) 

This statement is called a FORMAT STATETtENT. A format statement is not 
an executable statement. This statement 

(a) is numbered since it is referred to in the program; (Remem- 
ber that since a FORMAT STATEMENT is not executable, to be 
used in a program, it must be referred to; hence it must be 
numbered .) , 

(b) is referred to by the second statement, and 

(c) tells the ^processor that the number to be read according to 
the second, statement is an integer and occupies the fir^t 
two columns on the card^ to be read. 

FORMAT STATE>tENTS may or may not follow the statement which refers to 
it: such statements may be placed any where in the program* 

Fourth Statement 

BO 24 K ^ 1, NCRDS 

The fourth statement is called a DC STATW^mm. It asks the processor 



2 t'i 



It is an executable state- 
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to execute all stat^ents follovjing this DO STATm^IENT dovm to and in- 
cluding statement number 24 as many times, as the number in the compu- 
^tn^ storage space called NCRDS indicates. (For example, if NCRDS con- 
tains , the number 9, then the statements follovjing this DO STATEMENT 
yovm\to statement number 24 i-;ill be esc^cuted in order 9 times.) Hov;- . 
Q^eri "before these statement^ are execute^ the first time, a space 
cklleidK^is reserved in the computer by the processor ^nd is given the 
inre^BXvalue of 1. The number in space IC is increased by 1 each time 
the sequ-e^e^e of numbers has been executed. 

Quest ions : Is the second statement numbered? If so , could this 
number have been omitted? V/hat about the third and 
fourth statements? ^ 

^terpret the fifth, sixth, and seventh statements. 

Eijghth Statement^ 

MX = 0 • 

This statement is called a SUBSTITUTION STATEMENT. It has two func- 
tions: ) 

(a) To request the processor to reserve in the storage compart- 
ment of the computer, a space called MX, if such space has 
not already been reserved, and 

(b) to put the value of the right hand expression in that space. 
Tenth f^tatemGnt 

FORMAT (IH , "llJl-lG) 
The tenth statement gives twp bits of information to the processor: 

(a) It tells the processor to print, using the printer, as many 
characters after the H as the number before the H indicates. 
(In the case of this function, blank spaces are regarded as 
characters. ) 

(b) It tells the processor *^the form that the IQ numbers should 
take whenever this format statement ia referred to. In thi^ 
particular case, statements 22 and 23 hoth refer to tha 
statement number 10, Each of the ten numbers is considered 
to be a ten place integer. 

Questions: 

(a) Must the eighth statement have been numbered? 



*Note: The right hand expression need not have been equal to ze- 
ro. It could have been either any other constant or any other type of 
algebraic expression. (See 1-13 also.) 



2\ 
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(b) Is QtoragG space reserved in the computer bv the procesoor 
in the execution of statement number eij'jht? 

(c) IJhat is the value of the expreoQlon on the right hand side 
of statement nuEber eight? 

(d) Give your interpretation of Statement number nine. Is stor- 
age space reserved in the computer by the processor in the 
execution of statement number nine? 

(e) IJhat is the value of the expression on the ri^ht hand side 
of statement number 9? 

.(f) I'Jhat space is there reserved in this coTEputes by this state-* 
ment? 

(g) Must the ninth statement have been numbered? 

(h) Kuot the tenth statement have been numbered? 

(1) I'Jhat is your Interpretation of Statement number eleven? 

Twelfth Statement 

If ( I . EQ . 8) GO TO 16 

The twelfth statement is called a CONDITIONAL GO STATET^NT. It tells • 
the processorxto proceed to statement number 16 if the value of the 
number in space called I la equal to 8. 

Thirteenth Stateipent 

ra: ° MX + N(I,J) * 8**(8-i) 

The thirteenth statement is another SUBSTITUTION STATET'ENT. In deter- 
mining the value of t;he expression on the right, the single asterisk 
is treated as a "times" 'si^ and the double asterisk is treated as an 
"exponential" sign. As in all forms of mathematics, multiplication 
and division take presidence over addition and subtraction. Also, all 
forms of p,rouping have hij>her priority. In the case of computer pro- 
gramming, the exponentiation comes between multiplication and division, 
and grouping. 

Questions : 

(a) l^Jhat is your interpretaiton of Statement Number 13? 

(b) State the purpose of Statement Niimber lA. 

(c) ru^^onp t' ' ti*iC nri^i.'t 1 dat-* ^;erc- '-aso ""vot nrmher': . 

-'Vstatencnto niuilar to StacjnGnt 12 are givon bolovJ: 

(a) IF(I-NE-8)G0 TO 16 means "If the value ol: I in not 8, tranc^fcr to S16 

(b) IF(I*LT*5)G0 TO 7 no ana "Chango control to 57 if I ic loss than 5." 

(c) IF(J*GT*2)G0 TO 3 cp anG "Change control to S3 if J ic groator than 2. 
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'Jhat chanRGS would vou make in StatGrnant Number 13 in order 
to chan^^e those numbers to Base Ten? 

(d) For Base Seven nutnbers, would you make any chanctes In State- 
ment ,MutnbGr lA? 

(e) Would Format Stateiasnt Number 10 have to be changed to acco- 
modate Base Seven numbers? 

(f) In rei-^riting FORTRAN PPOGMM MO. 1^ would you ©dice any other 
changes in this program if you wished to change ten eight- 
place Base Ei^ht numbers to Base Ten? 



Fifteenth Statement 
GO TO 18 

This statement is called an UNCONDITIONAL GO STATE^^NT. It tells the 
processor to transfer control to statement number 18 under any condi- 
tion.^ 

Ouestions' 

(a) Explain Statement Number 16. 

(b) Explain Statement Nunfcer 17. 

Note Statements 16 and 17 are to be executed only when I is equal 
to 8. At that time, statements 13 and 14 are not executed. 

(c) Examine statements 13 and 14 to determine ^hy th^2 instruc- 
tions w^jre so proj^rammed. 

Note: The statements from Number 5 to Number 24 form our first DO 
LOOP. The statements from Number 8 through Number 21 form 
our second DO LOOP. SLatctnPjits from dumber 12 to Number 18 
form our third DO LOOP. In any program, DO LOOPS -may be 
nested: they must not be overlapping. In FORTRAN PPOGRAM NO. 
1, the three DO LOOPS are nested. 



20 



Eighteenth Statement 



CONTINUE 



The CONTINUE STATEMENT tells the processor to continue doing whatever 
you have started. It Is sometimes desirable to have this statement as 
a reference point for a DO STATEMENT, especially when othep/lse there 
might be two possible places that you may want a particular DO LOOP to 



TwentyT^econd Statement 
WRITE (3,10) L 

This 1$ called a ITRITE STATEMENT. It requests the processor to write 
all nund^ers In the one-dlmenslonal array called L, using machine num- 
ber 3 (the printer) according to FORMAT NO. 10 « All leading zeros of 
a number will not be printed. Format statements must Include an al- 
lowance of one extra space for the sign of a number. 

Twenty-fifth Statement ^ ' ^ 



The STOP STATEMENT tells the processor to execute no more statements. 
Twenty-sixth Statement 




(a) Explain Statement No. 19. 

(b) Explain Statement No. 20. 

(c) Explain Statement No. 21. 




STOP 



END 



The END STATEMENT .tells the processor that this Is the end of the pro- 
gram, r 
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Problem. : 



Using the data cards having input numbers arranged in the order in- 
* dicated below , tall what happens when FORTRAN Program No . lis exe- 
- ' cuted . 



Card 1, 03 * 

Card 2 0673562735467325436276635270173466051365237100567342163A 
Card 3 74556321540654310967801046014421473021364773621472221327 
* Card 4 13672136521126503662445136231064012630112'56214725137210 
2 ?W'^C6mplete the table below giving the number of places for the 
^ numbers listed. 



1234567 



BEAU 



IIRITE (3.22) 



DIIffiHSION BASE (10) 



READ (1.1) BASE 



1 FORimT (10 F8.0) 



DO 20 I = 1. 10 



B - BASE (I) 



K = 8 



3 J " B/10.**K 



IF (J. NE. 0.) GO TO 18 

K = K - 1 



KI + 1 



GO TO 3 



18 WRITE (3. 19)1. BASE (D , KI 

19 F0RI4AT (I 20. F2tf.O. 120//) 



20 Cti^INUE 



STOP 



Number 


37 


1000 


657 


7777 


0004 


1007 


Places 


two 












PROGRAM NO 


2 


* * 


* 









PROGRAM TO GIVE THE NUMBER OF SIGNIFICANT PLACES 



22 FOR^tAT (2X. 37 H PROGRAM 2 ***** PROBLEM 3 PAGE 41 //) 



END 



Refcren 
^Colu nn.; 

.COBirfeBT 

jCOMMENT 
".1-22 
1-10 
1- 1 ■ 

1'- 9 

-1- 4 
". 2- 1 

. 1-12 
. 1-13 
. 1-13 
. 1-15 
. 1-22 
. 2-22 

. i-10 

1-25 

1-26 



ERIC 
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(a) Fully describe the statement 

WRITE (3,22) 

(b) Each symbol / at the bet^innlng or end of the Format detail 
causes the carriage return to become activated one' extra time. 
Vlhen n is an integer, then the symbol nX in a Fprmat statement 
activates the printer by causing it to skip n spaces. With 
this explanation^ describe fully Statement Ho. 22. 

(c) Describe th<a statement 

DHIENSION BASE (10) 

(d) Describe the statement 

READ (1,1) BASE. \. 

(s) The Format statement n F 8.0 tells the proces'sor that there 
are n numbers being considered. Each one is a real number 
written in decimal form (*q^ floating ^^^^^ form) . Bach num- 
ber is eight places long and there are zero places to the rij5ht 
of the decimal point. VJith this knowledge, tell what State- 
ment No. 1 does. 

NOTfe: Heretofore., the only numbers we have been using have 
been integers. Hames of variables which are integers 
must ,be?in -with one of the letters I, J, K, L, M and N, 
Other real numbers (with decimals^ begin with letters 
other than these. 

(f) Describe the following three statements. 

DO 20 I 1, 10 
B =;EASE(I) 
K = 8 

(g) The symbol^ in 3/10. is seXf-cxnlnnatory , The nunher 10- is 
considered' to be a rieal number having a decimal point. Tell 
what Statement No. 3 does. (Hint? J is an intef>er.) 

(h) Tell what Statement 18 does. 

(i) Tell what Statement 19 does. 



(j) Tell what Statement 20 does. 
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3, Ihe first six even wholu numbers are represented in Base Eight 
by 0, 2, 4, 6, 10 and 12. List the first twenty even numbers 
given in Base Eight. How can you tlill v/hether or not a whole 
number represented in I^se Eight is even? 

FORTI^.>; PR0QRA.4 1^*0 . 3 



1234567 

C bLiWj ^ 

C FUOCR^VM TO LIST THE EVLN Nl3l>fflERS <2QQ IN BASE EIGHT 

w^RlTE (3, 22)' 

22 FORili^.T (zX, 3411 PROGR^Ut 3) 

DI5IENSI0N N(4) , MC4) 

M(l) = "6 

M(2) ^ -6 

MC3) -4 

M(4) = -2 

DO 40 I =^ 1,25 ^ 

DO 30 J 1,4 

M(J) = M(^J) + B 

N(J ) = M(J) ' 

30 CONTINUE 

DO 20 J 1 ,4 

Kl = K(Jj/()^ " ~ 
Rl = Jl(j:)ilK:: --o4) 
K 2 =^ Rl/3 

^ ^ . 

r:(J) = (Ki--^IOO) 4- (K 2^U0) 4- K3 

20 CON TINUE 
WRH L (3,21; N 

21 FOmU' {i, T20 //) 

40 CQKTINUL . ~ 

STOP 



Exercises 

(a) Describe Statement No. 22. 

(b) Dc-scrihe Statement No. 21. 



3j 



1. 
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(c) Explain the statement 

Kl ° N(J)/64 

o 

(Hint: Since the name Kl begins with the letter K, Kl must be 
an integer.) 

(d) Explain the stateraenti^ . 

K2 => Rl/8 



4. In Base Ten the number ten raised to the second power is repre- 
sented by 100 or 10^; the number ten raised to the third power 
is represented by 1000 or 10^. Give alternative representations 
for the follox7ing as Intesiral powers of 10 in Base Eight. 
Ca)\oOOOO (c) 1000000 

(b) 100000 (d) 10000000 

» *** 

FORTRAN PROGRAM NO . A 

1234567 ■ 

C BEAU •_ 

C • PROGRA?^ TO GIVE THE INTEGRAL POWERS OF 10 IN SCIENTIJFIC NOTATIor 

2 WRITE (3.22) NUMBERS < 10" USING ONE DIGIT TO THE LEFT OF THE DEC DIAL 

22 FORIIAT (14X. 9H. PROGRAM 4> 

1 DI^^ENSI0N T(8) 



5 READ (1.23) T 



23 FORMAT (8110) 

6 DO 20 I ^ 1.8 

7 A ° T(I) 



8 K = 10 



3 J ^ A/10. ** K 



4 IF (J . NE .0) GO TO 18 



9 K = K 



10 GO TO 3 



18 miTE (3. 19). A. K 



19 FORTIAT (12H THE . Flu.O . 20H IS 10 T'^ THE POWER , 12 ) 

20 CONTINUE 



21 STOP 



22 END 




ERIC . 3i 
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Detailed Explanation of FORTRAN PROGRAM NO. 4 



STATE»fENT 
KW'BER 


EXPLAJJATIOM 


2 


Printer Writes: PROGRAM 4*****PR0BLE>1 9 PAGE 42 


1 * 
1 


Processor Reserves: 

1 1 1 i f f 1 1 f 
T(l) T(2) T(3) T(4) T(5) T(6) T(7) T(8) 


5 


Reader Reads In: 

1 10.1 lOQ 1000 1 10000 100000(10000001. etc. letc. 
T(l) T(2) T(3)o T(4) T(5) T(6) T(7) T(8) 


7 


Space A is reserved and the value of T(l) is put there. 

1 10 1 

A 


\ 


Space K is reserved and the value 10 is put there. 

|io 1 

K 


3 


NOTE • ' ... 1 

10. is a FLOATING^ POINT NUTIBER. It is first raised 
to the power indi'cated by K. Then 10 is divided 
ty the result and the decimal part is drooped. Hence 
the value of J is set to zero. 

nr-t 

V) J 


A 


Statement Mo, 4 is self-explanatory if NE is read "IS NOT 
EQUAL TO". 


9 


Reduce the value of ^the number ^ space K by 1. 

1 9 fe^ 


10 
18 


Change Cqntro^l^ to S^^ No. 

After p;oin«» through the above LOOP nine times, the number 1 
is in space K and space A contains the number lO.IiJhy? 
After the nineth time through, the PRINTER writes: 

^ THE NUMBER 10 IS 10 TO THE POWER 1. 
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The first five ijhole numbers that are multiples of four are 
represented in Base gight by 0, 4, 10, 14, and 20. 

(a) Use cubic Geo-blocks to represent the nunjber 4 in Base 
Eight. 

(b) Use cubic^Geo-blocks to represent the nuiEber la in Base 
Eight. 

(c) Use cubic Geo-blocks to represent all of the multiples 
of four between zero and thirty-six, 

(d) Tell which of the following Base Eight numerals repre- 
sent numbers that are multiples of four, 

4402' 10000 10000000 240000000004 

4304 34005 ' 32400000 200007655702 

2067 20000 2567300 287565500400 

(e) Give a rule for telling vjhether or not a Base Eight num- 
eral represents a multiple of four. 

A number x^hich is not even Ls . Tvjo^does^hot divide it. 

The first five odd whole numbers are represented in Base Four 
by 1, 3, 11, 13, and 21. List the first ten odd numbers gi- 
ven in Base Four. Row can you tell whether or not a numeral 
indicates a Base Foiir odd number? 
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FORTRAN PROGRAIl HO. ^ 

1234567 ' , 

C BEAU . 

C PROGRAM TO GIVE THE MULTIPLES OF FOUR IN BASE EIGHT 

22 FORM AT (2X> 35H PROGRAM 5*'-^*** PROBLEM 12 PAGE 44//) 

WRITE (3. 2*2) • •■ ■ , 

DIMENSION A(IOO) 

IMTEGER A. D4, D3. D2. nl, D5 . 

READ (l.D-K . 

1 FORMAT (13) ^ 

DO 3 I l.N 

G THE FIRST 100 MULTIPLES OF FOUR ARE COMPUTED IN BASE TEN 

A(I) ° 7=^4 

C THE DIGIT ASSOCIATED WITH HUNDREDS PLACE IN BASE EIGHT IS COMPUTED 
D3 ° A(I)/ 64 

C IF D3 IS EQUAL TO ZERO. THEN THE STATEMENT LABELED 6 IS EXECUTED 

IF (D3.EO.0) GO TO 6 ^ 

C TLffi VALUE ASSOCIATED WITH D3 IS SUBTRACTED FROM THE MULTIPLE OF FOUR 

A(I) ° A(I) - (D3*64) _ 

C THIS STATEMENT C OMPUTES THE DIGIT ASSOCIATED WITH THE TENS PLACE IN 
C BASE EIGHT 

6 D2 ^ A(I)/8 

C IF D2 IS EQUAL TO ZERO. THEN THE STATEMENT Li\BELED 8 IS EXECtJTED 

IF (D2.EQ.0) GO TO 8 
C THE VALUE ASSOCIATED WITH D2 IS SUBTRACTED FROM THE MULTIPLE OF FOUR 

API) ^ A(I) - (02=^^8) 

C THE REMAINING VALUE OF A (I) IS ASSIGNED TO THE DIGIT IN THE UNITS 

3 Dl ^ A(I) . 

C THE VARIOUS DIGITS ARE COMBINED INTO A" THREE PLACE BASE EIGHT NUMBER 

A(I) " D3*100 ♦ D2*10 + Dl 

3 CONTINUE 

WRITE (3.10) (A(I). I ^ l.N) 

C DISCUSS THE FOLLOWIHG FORMAT STATEMEm 

10 FORMAT (IPX. 10(16. 5X)) ~ 
STOP ^ 

END ' ~~ 
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INTEGER A, D4, D3, Dl, D5 



tello the PROCESSOR to round off these variables do^ward to 
the nearest integer and to treat them as integers. 

(b) The statetnent 



is oelf-aKplanatory if the syEibols EQ are interpreted to- 
gether as "IS EQUAL TO" . 

(c) The statement 



causes the PRINTER to print all the numbers A(I) / where I 
takes on all the integral values ' from 1 to the value of N. 

(d) The 10(16, 5X) in FORW NO. 10 has the sme effect as if 
I6 3 5X had been x^rltten ten times in succession. 

Questions ; 

(a) VJhat does the 2X in FORtlAT STATE?tENT NO. 22 tell the PRO- 
CESSOR? 

(b) What do the two symbols // in FORMAT STATPtP^T NO. 22 till 
the PROCESSOR? 

(c) ^^E3q)laip in detail, the statement 



IF (!>5 . EQ . 0) GO TO 2 



VTRITE (3,10) (A(I), I ^ 1,N) 




WRITE (3,22) 



in FORTRAN PR^RAM NO. b. 



(d) 



Explain In detail. 



FORMAT NO . 10 . 
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2 . ? "'age ^our ^* ^votQ"^ £L.^^Ii^i2IL'* ^ 

^ to rnnrsts^i^t t'-^e n^irber of T;hole nic^'el's in a *=*ennv. 

1 to rftT)r^'3P.nt t'le nv^ber of ^oons tb^ eart'"* 'lan. 

2 to rn^roser.t t^e nu '.er of halTes a "^ole., 

3 to ranrecont t'*cB aunher of en^laQ'tr a trian'^le. 

^ If 

10 to renrosiBnt t'^-i nu-^bGr of/^easons in a y^^nr. 

11 to rr^^rc^ent fie nuT"'>er of neople in a set of nuintunlets. 

12 to reorefi^nt the nur^ar of QonQ in a half nsed carton. 

13 to represent the nu-iher of <^ays in a tjeel'^ 
K^terciseG o 

1. H'-ino' t>ie ^,arzc ^onr 'ur^eratiOQ 5?y<^te'n> <*lve nurteral53 to renre-* 
G-^^nt 

(a) the num' er of toon on your feet 

(b) the nijpber of "'aeV.n in a yaar 5 

(c) t^e nunber of -^ints in a pallon 

c 

2.<'r Flace A'alne and 7ace ^'alun In "he '" ^as:^ '^our ' ^unerrit ion Gyste . 

Ihere ar^^ four subdivision-:; in each S'^ction and a build.^r constructs 
four n3ctioao each r.eaion of the year. ':^re are four Mocks in each 
nzarter suhVivision. Th^ builder' buys^]^ is .'one |oat' wall pal-^t in 



TVtolesale nuantities at the nrice of fo'^r dollars ner j^allon. A case of 
vail oaint consists of four <^allons. A car bas''<*t of nhis naint con 
si^^ts of four cases. / forllift con'^ists-of four car ^asVets. A truck 
load consists of four forklifta. A shinrent corsi'^ts of four t«?uch 
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load9». / *»ar^>ous3 of T%aint consists of four rh5.-^'*ent? . 

Tie bulldsr cotif3truct9 f^i^hf bulldin'^^n on each o5. of the strnet 
in eac^ block, '^.ac'i ^uildin'> has four unite eac' consiotin^ of four 
four -roo^ ai>artFents . "^inee, on thft average , a <»allon of Trail oaint i*5 
used for each roora then a ea^e of. t/all naint is uoec* for each unit., 
and a forklift of wall oaint Iq uoed for each Vnlldinn, A trucklosd 
of V7all naint it uoed in each quarter-block and a shixj^nt ^ of 'orall 
paint i^ used in each block. A Tjarehouse of T7all ^aint io used in^, 
each ^!uarter-subdivision and four v^arehouseG of nail oalnt are used in 
each Qubdivision. 

Qbviously, a quart of naint is a 'tall of naint and a «lass (or a 
cup) of naint is n (luarter^rall of naint. k -^laas of naint is used in 
each nan and a half '^^.H of naint i^ consi'^erei to be one roller of 



oaint . 


•^e have 










one 


tablesnoon 




four 


f luidrams 






one 


roller 


a 


four 


tablespoons 






one 


cur 


tS2 


• four 


rcllcro 




one 


one 


quart 


C3 


four 


CUPS 


C! 


one 


one 


'♦allon 


C3 


four 


nuarts 




one 


one 


case 


Z2 


four 


pallons 




one 


one 


car bas);et 




four 


cases 




one 


one 


for^' lift 




four 


car^ao^'ets 




one 


one 


truckload 




four 


fork **.lfts 


a 


one 


one 


shinrei'.t 


C3 


four 


truckicads 




one 


one 


^larehouse 




r ur 


J.nm'^nts 


o 


one 



four T'arehouses 
four subdivision:: 
four fisctions 
four seasons 
four years 

four presidential terr^G 
four quarter life tii;as 



^ one subdivision 

^2 one section 

^ one season ^ 

=3 one year 

° one nresi 'ential terrr' 

^ one nttarter life tine 

» one lifetine 



3V 



31 

'^e can «se t'*e la'se ^our nwieration syste*^ to effectively indi- 
cate a rsneclfic nuantitv of vail paint as ^Tell as t^e nr^ce. 

In t''"^^^ Ea5;e ^cur nu'^eration syste)^, nu-".'=^rals are ^^ritten to indi 
cate t>.G nurnbers. Tiie nuraral 312 is written to ir^Tlcate the nupiber 
fifty four. Each synl-^ol of a nur»eral ^an a fac^- value and a Qlace- 
value. '^or exai^le in t' r. numeral 312, the fac? valu^ of is Iwo 
anc^ the olace value of 2 Is one. T!ie face-value of 1 is one an<^^he 
nlace valu3 of 1 i*-, four. Th-^ face-value of 3 is three . and the nlace- 
value of 3 is piscteen. T^c correspond-In^ "^ase '^en nuneral is j^iven by 
the reoresentation 3 x 16 -J- 1 k 4 + 2 x 1 or 5A. Thus , the number that 
those nu'-'erals renreoent io fifty-four . Ir the figure teloT; we have 
fifty four units of --aipt. '""lat are these units? 
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Example 1^. State the values shovm by each symhol in the Base Four num- 
eral 21031. 



r?^nv ttat ime — -— 


TOO 


ONK 






J. — gug 




ONE |\____ 
TRUCKLOAD 

ONE =^v._.. 
TPUCICLOAD 






ONE 
FORK- 
LIFT 


\ 




1 

1 
1 


7 


u 

■ 


?? 


SIXTY-FOUR 


STVTKRM 


POTTO 






BLACB-'VAI.'ireS ' — — — 



I 
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/rACwer Tie 2 is a sy iVol for v^o y^o- f if ty-siaces . 

Ths flTsr. 1 ir. a syribol for one gi?:ty-£our . 
T^ie 0 ig 9. syiibol for s^ro sixtocmn. 
Ti-»G 3 is a oy^bol for three fours > 
"f^G second 1 io a symbol for ona one* 
K^nce ^ tNe corroG'^ondin'^ Tase Ten* nur'srai is f^i-y^^n by 
2 X -^^ 1 71 (I, -^ 0 3r ir> -5- 3 ir 4 4- 1 3c 1 or 5C«^. 
The corrf^snonc'in^ Has'a Hi'^ht nur'^'jral is 'yiven by 
2 X + 1 X 100 + 0 ?0 2 4 + 1 1 or 
irr 1^0 14 1 or 1115. 

r ^Kann lG 2. ttot; r^^^ny '^aliens of naint rmat aided to the naint in 
EKanrle 1 in order to ^a!;c: a total of I'^O^on gallons of 
oaint ("laoa '!i"''-'t)? 

«^allons to co-i^lete t*^^ case ? 'Gallons 
additional eases to co" nlet^ ^ 'Gallons 
t'lo car^^as'ret of oaint. 
r^ore carhas^QtG of raint to 
comrlcte t'le forl.lift. 3^^ 'gallons 

pore forJ'.lifte of naint to 2^^^^. r-allons 
more truckload of paint to lUOuO galloua 
complete the shipment 
We need a total of 12303 gallons 



/nsTTer '^e need 
'Je need 

nee*^ 

''f. need 
We need 
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Exaiimle_3. State the values shm^n by each symHol In the Base Pour num- 
eral 132. . 




FACE-VALUES 



ONE 



ONE 




CAR- 


•BASKE' 



1/ 



SIXTEEN 



THREE 




1 


CASE 


1 


CASE 


1 


CASE 



FOUT 



PLACE-VAJLUF^ 



TWO 



ONE 



Answer- The 1 is a synbol for one sixteen . 

The 3 is a symbol for three fours . 

The 2 is a symbol for two ones. 
Give ^he corresponding Rase Ten numeral, 
oive the corresponding Base Eight numeral. 
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Games r 

(a) Use the Paint Model to indicate the Base Four numeral 3. 

• (b) Use the Paint Model to indicate the Base Four numeral 30. 

(c) Use the Paint Model to indicate the Base Four numeral 201. 

(d) Use the P-aint Model to indicate the Base Four numeral 21. 

(e) Use the Paint Model to indicate the Base Four humeral 112. 

(f) Use the Paint I^todel to pefform the indicated operations: 



2301 
+ 1011 



3233 
. 1211 



3231 
- 2133 



Exercises: 



1. Complete the following table. 



Base 
Four 


3 


30 


201 








Base 
Ten 


6 






9 


70 


77 



Modify FORTRAN PROGRAfl NO. 1 in order to write FORTRAN PROGRAM 
NO. 6 so that the ansvjers to Problem 1 above may be computed. 



2. The first four even whole numbers are represented by 0, 2, 
10, and 12 in Base Four. List the first twenty even Base 
FojLir' rlepr^sentaf ions. How can you tc^ll If n Ba^qp Four, number 
is even? 
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' * 4r * 

Modify FORTRAN PROGRAM NO, 3 to write FORTRAN PROGRAM NO, 7 that 
will help to obtain the list reque84:ed in Problem 2. 

* 

3. ^ List the first twenty multiples of four in Base Four. Tell 

how one would recognise a multiple of four represeg^t^ion iri 
Base Four. 

4. The first four odd whole numbers are represented in Base Four 
by 1, 3, 11, and 13, List the first twenty odd numbers by 
Base Four representations. How can you tell whether or not 
a nunieral indicates a Base Four odd number? 

5. Use the Paint ?todel to answer the following questions: 

(a) H(s^w many gallons are there in a warehouse.- of paint? 

(b) Hot«y many gallons are there in a car-basket of paint? 

(c) liJhat is a subdivision of paint? 

(d) I^Jhat is a lifetime of paint? 

* A * / 

/ 

Jlodify FORTRAN PROGRAM N(J. 5 to write FORTRAN PR0GRA!1 NO. 8 to 
solve Problem 3 above. 
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2.5 ^'^se T^yp ^? /_ S v3tg>^-> of 'umeratlon -*^ 

Ir ^.£33 T>70j f-ho QvpSols ^ an'^ 1. '^e us*^. t'le nuncrals 

" to renresant the numbar. bf full >allon8 in a nuart, 
1 to rer^reaent the nunber of full quarts in a liter ^ 
l'^. to ceores^nt t'\e number of nints in a '^v.art. 
11 to renresent ths nun'/Sr of an'^les in a trianple, 
lO"^ to r^2r>r«scnt tho number of nuarts in an /tnerican '▼allon. 
101 to re*) resent t-ie nur^ner of quarts in a Canadian gallon , 
113 to represent the iiur-'ber of days in a treeV. . and 
1030 to represent tl^e nunber of nints in an Arerican '^allon, 
^xsrcis.^f: 

\. Hsipf* the ^ase '^to ^^unieration SvGter», rive nui^-orals to represent 
(a) the number of '»ills in a "allon. 
(>) the ptmber of pints in a half an A.F.erican ^^allon. 

(c) t'^e number of woeV.fs in thn year. 

(d) the number of cuns in a oaart. ^ 

(e) the nur-Ver of nuarts in a half -<»allon. 

(f) the nurber of luarts in three '^allons. 

2.6 Place ''^alue and '^ace A ^alue In T!ie "an^ ^^^o Hu'^eration Systej;*» ^ 
In' the "^ase '^^yo 'Numeration syfite;^ numerals are -^^ritten to indicate 

the nuT^bers. T^io olx nlacc minirnrai 111111 is rrritten to indicate the 

number sijcty^ three- Tac!* synbol of a nuneral haa ^ f a/*o-'«»olii<a arxl « 

-One Tfay to ^^rite fror 1 to l^'^- in Ba'',e l>:'o is to Trrite fron 1 to 
10*^ in ^*a5c '^en skin^i'i'^ any number h^vin'* a numeral representation 
containing 2 3 A, 5. ^> 7, or ^, 
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place-value. For exainnle, in the numeral 111111, the face-value of 
the first 1 is 1 and the olace-value of that 1 is thirty- two. The 
fape-value of the second 1 is 1 and the place-value of that 1 is- six- 
teen. The face-value of the third 1 is 1 and the place-value of that 
1 is eight. The face-value of the fourth 1 is 1 and the nlacc -value 
of that 1 is four. ' ? 

Question ! Can you f^ive the face-values and place-values for the 
last txTO svnbols in the Base Ti-ro nui^eral 111111? If 
sOjS^hat are thev? 

IJe can use a Base Tt^o nurnoration svsten to effectively indicate 
the measure of a linuid. ^or example, 111111 cuds represents one half 
case, one f^^allon, one half-^ralliJn, one quart, one pint, and one cup. 



FACE -VALUES 



ONE 




ONE 



ONE 



XiiX^TY-TlJO 



/=7> 



1ALL0M 



SIXTx^.EM 



'^.^LF- 
GALLON 



EIGHT 



ONE 



OUART 



FOU^T 



ONE 



L 



PI^IT 



wo 



ONE 



CUP 



ONE 



PT ArF-VAT.Tiyc; 
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Fhted and Floating Points 

I In dealing with the computations on a digital computer it is 
necessary that the students are familiar with the tw^ numeration systGms- 
(1) Fixed points and (2) Floating point. 

(1) A fi3ced point system is a numeration system in^ which the 
position oif the point is fixed with respect to one end of the numeral. 
Thus 5 fixed points are integers . 

In dealing with fixed point numbers, one must realise that the 
computer gives out only integer form of values as a result of computation 
In other words ^ the computer truncates all the fractional part of the 
number. 

For example: If 16 is divided by 3, then the answer given out 
bj the computer will be 5, even though the correct answer should be 

5.3333 . Thus the decimal |f)ortlon of the number is trunG^ted. 

Hence, one must be careful and specify if and when the computation « 
and the result of the ocmputatiorf are desired in integer form. 

(2) Floating point numbers are the numbers in which the 
fixed position of the decimal point is variable in accordance with , 
the requirement of tiie computation. 
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There are three different v;ays of representing the floating 
points. They are: 

(a) Conventional floating form ; Example ; The numbers of 
the form 42.225, 3.2534 ...etc. 

(b) Ordinary Scientific floating point form ; 
fcsample; 42.4225 (10^) 5 42.4225 x 10°; 42,4225 x 10°^; 

0.424225 X 10^; 0.004225 x 10°^; .004225 x 10^; 
42422500 x 10 ... many other variations are possible. 

(c) Exponential floating point form ; 
Example ; 42.4225E00; 42.4225E + 00; 4.24225E01; 

4.24225E1; .424225E02 ... Etc., ... Etc. 

(Further discussion on these forms can be found in the discussion 

of the Format statements.) 
l^y the exponential floating point form? 

To answer this question, consider the following, example of 
multiplication. 

nnn.dddd 

mm. d d d 
kkkkk.ddddddd 
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This QhouB tliat the decimal point in the product is located 
so that it is to the left of the sum of the decimal places in both 
the multiplier ^d multiplicant . 

Furthermore; it is possible to set the number of decimal places 

in advance whether we are using hand ccaputatlon or a digital computer. 

Suppose xm decide to have our computation to three decimal places. The 

disadvantages of this system V7ill be formed in the following illustration: 

0.058 

_x 0 ,025 

0.0 0 0 1 4 5 

Since we are limited to the three digits, we lose all the non-^zero 
digits. 

To avoid this kind of difficulties, most computers engaged in 
scientific computation use the floating point arithmetic. In computers 

IN 

. certain circuits are built in so that the decimal points will be aligned 
so that exponents are equal before addition and subtraction. In mul- 
tiplication e^cponents are added and in division the exponent of the 

' divisor is subtracted from the exponent of the divid'ad. All these 
are done automatically vjithout requiring any special program instruction. 
Thus the computation is fast and efficient. Hence it is the advantage 
of using the third form. 
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/ 

Example jL , 



42 



State the place-value shot^jn by each symbol in IIOIOI 
where the numeral is given in Base Ti^o. Also state 
the corresponding face-values. 




Example 2, 



How many cups of milk are needed to add to 1001' cups 
to pet a gallon of milk? 



Answer* 1 


cup is needed to go with the one cup 
to get one pint 


1 


cup 


1 


pint is needed to go with this pint 


10 


cups 


1 


quart is needed to go with the 


100 


cups 




quart thus obtained 




cups 



o 
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Games : 



(a) ^Use the "ilk Model .to indicate the Base Tvjo numeral 1. 

(b) Ust2 the *ilk ^''odel to indicate the Base Two numeral 101. 

1 

(c) Use the ftilk l'odel to perform the indicated operations: 



101 
+ 100 



111 
- Oil 



lOllO 
iOi 



Exercisesj: 



(1) Complete the following table. 



1111 
+ 1111 



Base 
Tijo 


1 


10 


110 










Base 
Ten 








212 


45 


128 


16 



(2) Expand the Base Ti^o numeral 10111 in Base Ten. 

(3) List the first sixteen even numbers f>iven in Base Ti^jo. 

(4) List the first thirty positive integers -given in Base IWo. 

(5) Tell v/hich of the following Base Tt^jo numbers are multiples 
of four. 

(a) 11011 (d) 10110 

(b) 110000 (e) 1000010 

(c) 11111 (f) 1010000 

(6) Tell which of the follov/fng Bp<5e rv7o numbers are each inte- 
gral powers on 10: 

(a) 110i> (c) 11000 

(b) lOOOOOOUOOO (d) 1000 
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2,7 CoTO)arlaon of the Base Tijo System and , the Base Fight System With 
the Baae Four System 



Example la. 




000 

two 


represents 


the 


same 


nuidjer 


as 


0 

eight 


Example 


lb. 




txro 


represents 


the 


same 


number 


as 


eign t 


Example 


2a. 




010^,,^ 

t^TO 


represents 


the 


same 


number 


as 


9 

exj^ni. 


Example 2b. 




■^tr^o 


represents 


the 


same 


number 


as 


\ 

3 ^ ji £ 
eight 


Example 


_3a. 




100^ 


represents 


the 


same 


number 


as 


4 

eignc 


F^ample 


3b. 




101 

tx/o 


represents 


the 


same 


number 


as 


el^n t 


Example 


3ic. 




110 

two 


represents 


the 


same 


number 


as 


eight 


Example 


3d. 




111 

ttJO 


represents 


the 


same 


number 


as 


eight 


Example 


4a. 


000 

\J\J 1 


000 

two 


renresents 


the 


same 


number 


as 


00 . , . 
elghfi 




4b. 


001 


000 

t\io 


represents 


the 


same 


number 


as 


eiRht 


Examp ^ - 


5a. 


010 


000 

two 


r^nresen t53 


the 


same 


number 


as 


eight 


EyaTTrple 


5b. 




UUU 

tXJO 


represents 


tne 


same 


nuiuu cr 




30 

eighd 


Exaiupie 


6a. 


100 


000 

two 


represents 


the 


same 


number 


as 


^0 , , . 
ei^ht 


Example 


6b> 


101 


000^ 


reoresents 


the 


same 


number 


as 


50 , , . 
eight 


Example 


6c. 


110 


000^ 
two 


represents 


the 


same 


number 


as 




Exampie 


6d. 


111 


000^ 
two 


rer^resents 


the 


same 


number 


as 




Examnle 


7a. 0 


000 


000^ 


represents 


the 


same 


number 


as 




Example 


7b. 1 


000 


000^ 


represents 


the 


same 


number 


as 





Consequently , 

111, 111> lll^wo represents the same number as 7 7 

101, 100, llltx,;o represents the same number as 5 4 7^ipht' 

i 100, 010, OOl^^^Q represents the same number as 4 2 l^^ght' 
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We easily determine that 

4 5 6 ^ , represents the same number as lOQ* 101, 110 

eight ' ^ tWi, 

and 4 5 1^^^^^^. represents the same number as 101^ 001, 001 ^^q* ^'o^ 

5 e^camples for Base 4 to Base 2. 

Since it is relatively easy to convert fro© Base Two to Base Eight, 
from Base Eight to Ease T^o, fro® Base T^^o to Base Four and from Base 
Four to Base T^o, it should be almost as easy to convert fro® Base Four 
to Base Eight or fro® Base Eight to Base Four. We need only convert 
fro© the first base to Base Two and then convert to the second base. 
For example, 

1 3 1 2fo^r ° 1 11 01 lO^wo - 1 110 110^^ - 1 6 6^^^^^^ 

1 7 3^ight " 1 111 011^,^ « 1 11 10 11^,,^ o 1 3 2 3four- 

Exercises 

1. Coiiiplete the following table. 



Base 

-EJ^hX- ... . 


1 


1 1 


1 5 


3 7 




Base 


001 


001 001 






101 


Complete 


the followd 


ng table. 




Base 


7 0 


4 1 


3 


3 14 

\ 




Base 
Turn, 










111010 



3. Complete the following table. 



Base 
Two 


101 


1010 


1101 


10001 


r—^ — r 


Base 








4 


26 
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4. Write programs to: 

(a) Change a numh^ from Base 8 to Baae 4, 

(b) Change a number from Base 4 to Base 8. 
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^Design of a Simple Computer 

The relationship among the principal components of the computer 
can be understood by eitamining the figure below. 



MEKORY 



1 



INPUT [ ' ' • ^1 CONTROL -^4 OUTPUT I 

'----J 



T 



I .\RITH14ETI C/L0G I(^ 

Input to the computer may be by punched cards, tape, teletype, 
or directly from the keyboard on the console. Input consists of 
the set of statements which laake up the program. The statements may 
bt^ instructions to thfe ccjmputer to perform certain operations or 
data to be used in the processing of the program. 

The memory unit is where itf crmation is stored until needed 
in the execution of some part of the program. This is the central part 
of the ocmputer. All information must pass through it, including 
data for manipulation and instructions which tell the machine what 
to do. 
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The arithmetic/logic unit is where the actual computations take 
place. This unit may add^ subtract, multiply or divide: higher-order 



loi>ical operations; it can determine if a number is positive or 
negative^ zero or non-'Zero. 

The control unit acts in a supervisory capacity and exercises 
control over all units in the system. It coordinates the activities 
of tie other units by timing anj^ directing the flow of information 
from one unit to another. 

The output section records in convenient form the contents of 
memory (answers to problems, original data, etc.). Output may be 



in the form of punch cards, punched tape, magnetic tape or printed 
sheets. 

Let us design a simple computer and see how it may be operated 
to solve some simple problems. 

First of all we will design a small memory 'Vhich consists of 
25 words, each one has a capacity of 3torin3 a two digit number and 
sign plus or minus. 



mathematics is not done directly. This unit also performs certain 



c ! E ; T 





i z ! w 



Memory of Simple Computer 



-J , 

R ! M . P i U . X 
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Questions : 

1. t/hat is the smallest number which can be put in the Kemory 
of our simple computer? 

2. I'Jhat is the (largest number which can be put ia the memory of 
our simple ccirputer? . 

3. What sort of instruct ion^sshould we give our computer to 
execute? Iiake a table of them and assign a niimber to 
each pf them. 



Operations 
Arithmetic 



INPUT & OUTPUT 



CONTROL 



. Sample. Table 

Instructions 
^i^r and Add 
Add 

Subtract 

Multiply 

Divide 

St^re 

Read ^ 

Print 



Transfer 



Unconditional 
Conditional 



Abbreviation 

CLA 1 

ADD 2 

SUB 3 

MUL A 

DIV 5 

ST(|> 6 

READ 7 

WRITE 8 

G<j) T<|) 9 

IF THEN 0 
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4. How would you> Instruct our simple computer to add two numbers, 
say 35 and 17? 

First instruction will be to read the numbers 35 and 17 from 
tape, or punched card and store in memory cells A and B 
respectively, where A and B are address of two cells in 
the computer memory. Second instruction will be to clear the 
Arithmetic Unit to zero and add A. Third instruction will 
^ be to add B. Fourth instruction will be to print out the 
result which is stored in the Arithmetic Unit. 

In short, we can write the above instructions as follows: 

READ^A, B ^ 

CLA 

a 

ADD B ' 

PRINT (the sum of A, B) 

5. From the instruction table, assign the number which corresponds 
to each of the instructions in the program for the sum of 

two numbers. 

6. Write a program that will instruct the cpmputer to subtract 
two nimibers, say 35, 17. 

7. Write a program that will instruct the simple computer to O 
multiply two numbers, say 35, 17. » 

8. Write a program to divide 95 by 5 using the method of 
repeated subtraction. 
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Consider the following statements in the program 
Read (1,11) A(l), A(2), A(3) 
11 Format (3F 5.2) 

(a) What variables are read by the machine?/ 

(b) V/hat does 11 refer to in the Read statement? 

(c) I'That does F reffer to in the format statement? 

(d) Supposing A(l) ^ 5.6, A(3) ^ 132.75, A(2) ° 9468.39. Statue 
how the machine would read these. " ' 

Exercise #2 Read (5,60) A,B,C,J,K 60 

/J 

FORI^iT (3 F 12.4, 2 13) 

(a) How many variables are read in the above exercise? 

(b) In the Format statement what does 3 F 12.4 refer- to what variables? 

(c) What type of variables are J, K? 

(d) Write the first and last statement of the program in problem 
number 4 by using a format statement. 

(e) At some stags after the computer has gone through all the mathematical 
steps it must print out our results. That is done by the word write. 
It's operation is similar to the input operationt 

e.g. Write (5,60) A(l) , A(2), A(3) , A(4) 
60 FORMAT (A I 2) 

Explain the above two statements. 
[Note: teacher should provide s6me examples if necessary.] 
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There are two types of transfer 8tat©aent8 

1. The unconditijLonal transfer-simply states the computer to go to a 
certain line number such as Go To *6 simply states go next to 
line number 6, 

2, Conditional transfer-- There are two kinds of eondltional statements » 
one is called logical IF the other is called arithmetic IF. In 
the logical the decision is based on a logical quantity being true 
or false and in a quantity being either less than zero, zero or 
greater than zero in value. ^ 

A logical transfer statement is of the form 
IF jle^cpression) statement number 

IF expression Ib true go to statcmailt Dumt^r^ if f alse ^o to 

next statement number in the program. 
The (expression) can relate two values by using one of six relational 
operations. 

Relational Operation MathejLfitlcal Symbol Definition 
GT > 
GE > 



greater than 



EQ 
NE 
LE 
LT 



greater than or 
equal to 

equal to 

not equal to 

( ) 

( " ) 



V 
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of Ihe 



The form of the arithmetic transfer*' Is 
IF (a) n^, n^, 

means if a < O2 Go To line number 
if a 0, Go To line nuaber 
If a > 0, Go To line number n 

3 

Describe what will happen under the conditions given below: 

(a) IF (J. NE. 0) Go To 18 

f 

(b) IF (J~W) 5, 5, 20 

(c) IF (IND) 10, 20, 30 
10 X ° Y 

GO TO 40 
20 X * 20*Y 
CO TO 40 
30 X Y*A2 
40 STOP ^ 

(d) IF (7.GT. SUI-1) Go To 40 ^ 
CAL = QU0883 
Go To 30 

Q 40 CAL ° QUO**Z 

30 

Sir = 7 
QUO ■= 5.0 

* 

Z = 2 
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Do Loop 

have the students discuss how to read and store a list of 20 
niMbers in our computer so that the individual .members of the list 
may be referred to. The object is to have th^ decide upon some 
number pattet^ for referring to the mem^b^rs of the list In the order 
giveno The simpliatj and hence the best, way is to number them from 
1 to 20, e.g. A(l), A(2) A<20). 

The students tsiay^U^lde to read and store the manbers of the list 
all at once or to do it in groups of 10, 5, 4, 2 or 1. If one 
should suggest that the computer be told to repeat the read process, 
try to bring out the concept of a loop. However, do not force it. If 
it la brought out in this discussion, the next part will *be good to 
reinforce the concept. ^ 

Then consider how to instruct the computer to calculate the sum 
of the sequence of the niembers of the list.* Note that only one 
number may be added at a time. Somewhere during this discussion 
the idea of having the computer repeat a process should come up. 
You shoul(^^ be^able to generate a program somewhat like the following. 

*Must allow the memory to store number with more than two digits and 
at least for the location where X is stored. 




/ 

/ 



10 X 0 
12 I ° 0 
14 T ° 1 
16 CLA I 
20 ADD T 
22 STO I 
24 CLA A(I) 
28 MUL A(I^ 

30 ;j)D X / 



32 STO X 

34 IF I < 20 THEN 16 
36 PRI»I_ X . 

( /.taumeB that the members of the list have been real and stored in 
the location labelled A(l), A(2), A(20)) 

Then define an instruction Do A S^, J| to replace steps 
12, 14, 16, 18, 20, 22 and 34. A represents the line number of the 
final Btep of the process which ia to be repeated, represents the 
name of the index which'will count the niimber of times the process has 
been done, <^ represents the first value for I (generally 1) and ^ 
represents the last value for I. Hence, £-=-5 would be the number of 
times that the process vjili be repeated. 

The above program then becomes: 



10 X ° 0 ' ' 

20 DO 32 I ° 1, 20 
24 CLA A(I) 
28 tlUL A(I) 
30 ADD X 

32 STO X . 
36 PRINT X 

Note that the values of and E were determined hare by the way 
in i/hich we named the leembers of our list. The freedom of choice for 
S4 and E is to allox7 the index to be used as we have used it in this 
program. 

Here is an alternate way of i-jriting the prograia vjhich does not 
Involve using the inde:c during the repeated proceas-except as a count 
to determine v;hen to stop* In this case the reading of the list into 
the computer is done giimultaneously with the calculations. 
100 X - 0 

110 DO 160 I - 1, 20 

130 READ A 

130 CLA A 

140 MUL A 

150 .\DD X 

160 STO X 

170 PRINT X 
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Have the studento do some eicercises such as the following: 

1. Write a program to compute 10! 

2. Write a program to calculate the sum of all multiples of 5 
from 5 to 100. 

3. Given a list of ten numbers ^ wite a program to arrange these 
numbers in ascending order. 



Mathematical Operations and Symbols 

Sjmibols OperationQ 

+ Addition 

^ Subtraction 

* Multiplication 

/ Division 

** Exponentiation 
Write the follov;ing examples in Fortran. 

Example 1, * o 

2 ° A(33 + C)3 
Solution: 



Z ^ A*(3*n -f C) 3 
The order in which the above operation will take place are as 
follows: 

1) Multiply 3*B 

2) Add the product of 3*B to C 

3) Raise the sum of 3*B-fC to the third povjer 

4) Multiply the results by A. 
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Ejcample 2. ^ 

-a +\Ir^ - AAr. 



2A 



Solution: 



Y o (-B+(B^*2 - 4.0*A*C)**.5)/2.0*A 

The order in which the above operations xJill take place are 
as follows: 

1) Raise B to the second power 

2) Multiply 4.0*A*C 

3) Subtract B*^'2-4.0*A^C 

4) Raise the remainder to the .5 power 

5) Add -B to the results 

6) Multiply 2.0"'A 

7) Divide the product into tha results in 5). 
Problems 

VJrite the following algebraic expressions in the Fortran language, 



1) Y o M + c 

2 2 

2) Y ^ A + 2AB -!- B 

„ A(3B + 4C)2 
^ 3LC + D 



5) Z - 



(4X + 3Y) 



3 f 



2XY 



1/2 



^ 1 



4) Y = 



7 (^^) j 



1/2 



6) Y = 4 (8 + ) 



7) Y - 4 X 8 ♦ 2 




{ 



